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use  of  helium  in  airships  it  seemed  ;-^T/'"^  "'•  '"  ^'"'^^  "f  th« 
«"ch  instruments  could  I>e  utlh se^for!,''  ;  "  '"  'T''^'''  «''«^*her 
helmm  with  oxy.en,  and  heliumt-t,;!-;;;:;,:^^  "'  '"^"•"■•>  -•'"  a-T, 

of  a .:  mi^Sre:- ■r:^^  ts.r r '1  *^™'  --'^-'^•'tv 

•n  the  case  of  hi,h  pcrcen taTe  Ct  '''f'  f";.'"^""""^"*-  ^'  '-"* 
mentioned,  could  be  emplo^ed  VaU esir  he'h""  7''  '""^  ^^^'^^^ 
of  hydrogen  at  0°C  have  been  ^h-L  VZ^  *''^""^'  ^conductivity 
397  (fCucken)-  416-5  (W  '  vhiM  ,h  '^  1.=  '"  (^^  ■"kelmannh 
found  to  be  KX10-»^^(^;K'^''^'^f="••''^''"'"^*""^^  has  been 
(Weber)..  Thus  the  thermal  conlc^V  /?  ^^^warze);  343-8 
are  of  the  same  order.  "^"duct.v.t.cs  of  helium  and  hydrogen 

On  experiment  it  was  found  that  the  V  . 
ed  when  helium  mixtures  were  usld  Ind  th  '"\"-""'ents  respond- 

for  mixtures  mad.  with  th.  ,:::^::t!^:'^:;^^    ^recalib^ted 

PRIXCIPI.E  OF  THE  K.VTHAROM,  TER 

design  anSd^aasof'tr"-'  !"'  '"^^'""^  "^  ^i"'  -'  - 
are  indebted    o  him  f     '"""'""''  ^^^'^  « '^h  in  r 
descriptioilvh'h'fTll^.V'^^  '"''''  "-^-  "^  ^'■' 

ofa;:;a:ir:s^;^----'e,.nd-., 

tested.    Thissnir^l  ^o    .^'"^""^^  ^o  the  gas  mixture  » 


Ki-n. 


'  Communicated  bv  Professor  I    r~\f~i 
Admiralty.  '  ^'  '    '-  ^'c'-ennan,   F.R.S.,  by  perra,. 

•  'andoIt-Bornstein  Tib 

'Weber.     Anna!,  d.  Phy^i^.     Bd.  ,S4,  1917. 
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the  gas  mixture  in  question.  Thin  nensitive  element,  which  is  used  in 
conjunction  with  a  pointer  indicator  (Sec  Plate  II)  or  galvanometer, 
is  called  a  Katharometer'  or  an  explorer,  an<I   -  illustrated  in  Plate  I. 

We  arc  indebted  to  the  Cambridge  Sicntific  Instrument  Co., 
ltd.,  the  makers  of  the  instruments,  for  (wrmission  to  rtproduce 
i'lates  I  and  II,  and  also  Fig.  I. 

The  electrical  bridge  arrangnunt  used  with  the  katharometer  ii 
shown  in  Fig.  1.  In  this  diagram,  S  and  K  are  switches,  D  a  2-volt 
accumulator,  C  two  sliding  resistances  for  rough  and  fine  adjustment 

Cm    ruitfiM€€» 

S,£,»  SW'lHAtM 


' — 7VWWVW 


Figure  1 


(«l KM  \V| 


HFri-  \'(f)\Ti.A 


tioned.  r„  the  ca«.. Xl"tccL  ,''"  "r**^"^  ''^''■»'  Previously  men- 
protected  npiraU  a^  yn  „  eS  1  '/"'"."''  "'  ""•  ^"f^^'  «"^' 
of  detection  of  air  in^hX!  ^  .r't:^^;!,^;?"^''^  '"  ''' ^'^ 
•nd  the  exfXMed  spiral  aho-r  ,.„  1         '"^-  unsymmetrical. 

tected.pira|  "  ""''■^'"'"•"-  the  resistance  of  the  pro- 

t^rn^i^^'^^j^,::t^irv '"  ^'^^  -•^  -''<-»•  ^^ 

ate.  the  d    .      iono    th.       r  »>'"-'''•  of  the  re,i,tance 

flection.     I     :-.  Tvav  the  c  "'?*•"■  '"  ^•^^"''''"    '"  "^  ^''"•'"ti""  ^e! 

turned  to  L  •"?•  L^iZ'Li^h''"';''""^-    ^^''^"  '-  ^  "'- 

on    position,  and  the  indirator  read. 

Instruments  C  ambrateh 
The  instruments  calibrated  were- 
1.  Shakes^ar  Hydrogen  Purity  Meter  Vo.  3594,. 
70%  ^^iT'  ^'""""'  ^°-  ^"2"  with  Indic.or  No  37868.  (1(K)- 

20%talT'''  '""""  '^'"-  '''"'  '^'■'^    '"^^''^-'^  No-  37868.    (0- 
No.  tysT^^"^''"  ""^'"^'^^  '"^^  ^'^^^-  -th  Tinsley  Galvanometer 

Tinsley  &  Co'  Sets^  "'  ""  ""■""'  8'>'^-°-'"eter.  made  bv  H 
Scientmclnst;:;:;"  S,    S  ''"^  "^^""^^^^^^  by  the  Cambridge 

EXPERI.MEXT.\L  APPARATUS 

diagrlmnS^XTnTf^T"'  """  '"  ''*^  ^^"'^"'■^"  '^-'^  ■-''-" 

.as  S'^tt'lrat:^:;:/'^^':^  ""  -'^  ^'<ie  of  the  sensitive 
mixture  on  leaving  the'mercun  aTn^f  ""'"'^  ^"P""^"  "^^"^  «- 
Phorus  pentoxide  dr^"^g  tul^^^fST  T'.^'^  ''"■°"«''  ^  P^- 
On  leaving  the  chamber  thi  ^  f  ^""^  *^  ^"^^  K^«  chamber, 
over  a  mc rcur^-traHnd    nercur:.  m  ''""'^"  ^  «"'^-'^^f  «'»-' 

which  was  used  to  crme  a  flow  of  TT  '"  ^'^  "^ercury-pump 
sample  of  the  gas  mix^ure^i t^u^^  T^.f  I!  '1^^'  ^ 
mercury  as  indicated  in  the  figure.  collected    over 


30 


THE  ROYAL  SOCIETY  OF  CANA  DA 


Uont 


Li 


Mt<-auy  Ai^'^tt' Skf 


rTF¥P 


Me'tti'y 


Fi».  2. 

Procedure 
The  apparatus  between  taps  A  and  C  (the  volume  of  which  was 
about  250  ccs.)  was  exhausted  through  tap  B  by  a  Fleuss  pump. 
This  procedure  was  adopted  in  order  to  economise  in  pure  helium,  as 
the  amount  available  at  the  date  of  the  calibration  work  was  small. 
Tap  B  being  closed,  the  gas  mixture  was  slowly  admitted  at  A  till  the 
pressure  was  atmospheric  as  shown  by  the  manometer.  Readings 
were  then  taken  by  the  katbarometer  and  also  when  a  slow  flow  was 
created  by  slightly  opening  tap  C. 

Per  Cent.  Composition  of  Mixtures  Used 
Two  methods  were  employed  to  determine  the  percentage  of 
helium  in  the  mixtures: 

1 .  For  high  percentages  (85-100%  helium)  the  mixture  was  made 
approximately  by  volume,  and  a  sample  taken  for  analysis  after  pass- 
ing through  the  apparatus. 

2.  For  low  percentages  (0-3091,  helium)  the  mixture  was  made 
exactly  by  volume. 

The  pure  helium  was  prepared  from  high  grade  impure  gas  by 
passing  through  cocoanut  charcoal  at  the  temperature  of  liquid 
oxygen,  and  was  store  1  in  glass  gas-tubes  over  mercury  till  required. 

The  analysis  referred  to  in  1  was  made  by  measuring  the  contrac- 
tion in  volume  of  a  sample  after  absorption  by  cocoanut  charcoal  at 
the  temperature  of  liquid  oxygen.  A  correction  of  0.2  cc.  per  18  cc. 
residual  volume  was  made  to  allow  for  the  absorption  of  helium  itself 
by  charcoal — a  figure  obtained  for  the  analysis  apparatus  employed. 

Calibration  of  Shakespear  Hydrogen  Purity  Meter 
This  meter  is  a  field  instrument  designed  for  measuring  the 

purity  of  hydrogen  in  balloons.     The  indicator  readings  were  from 

75-100  with  subdivisions  of  0-25  per  cent. 
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Mixtures  were  made  of  (a)  helium  and  oxygen,  (b)  helium  and 
nitrogen,  (c)  hehum  and  air.  (d)  helium,  oxygen  and  Nitrogen 

in  thi  °7^^"  ^t^  "^^^  P'^P^'"^  ^'^"^  potassium  permanganate 
m  the  usua  manner;  the  nitrogen  for  (b)  from  sodium  nkrite  and  am- 
momum  chlonde  w.th  a  purifying  train  of  red-hot  copper,  potassium 
hydrox.de.  sulphuric  acid  and  phosphorus  pentoxide. 

...;„.  '?"'*'  °''*^'"!?  ^""^  P'^"^''  '"  f 'S-  3  a«  percentage  helium 
against  instrument  reading,  the  various  mixtures  being  distinguish^ 
according  to  the  legend.  ""Kuiwiea 

16°C ''''  calibration  was  carried  out  at  room  temperature  about 


«  78  eo  82  B*  86 


sli.hf /n?'^'''  !i"'  ''^'  u'"."  ^'■^*""  ^'^"^  ^^'"■^'^  t''^  ^^"^tions  are 
Slight,  and  accordmg  to  this  line 


c^ 


Helium=  -753 7 X instrument  reading  +  32-1 


Thus  if  the  instrument  indicates    82.    the   corresponding    percentage 

helium  =  . 753X82+32. 1=93.8.  which  can  be  read  direcHr^m  Fig  3 

Calibration  of  Indicator  with  Explorer  No.  39273 

cham^h!.7"TT'''  °f,"^'J'-^t'«"  the  explorer  was  screwed  into  a  brass 
chamber.  The  inside  dimensions  of  this  cylindrical  chamber  were 
\A  inches  diameter  and  1%  inches  high.  Inlet  and  outlet  tubes  for 
the  mixture  under  examination  were  provided,  diametrically  opposed 
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made  ,igh,  .-ith  rha,..„„„-s Vl^Jnd  '  """  ""  *"""™ 

The  raule.  at  ro„m  temperature  of  about  u-r 

Aceotdiu,  to  „e  .tt.i,,.  „•„  *,::^XJ  ^  --  '"  ^ *  ^■ 

Helium  =  •  799 X  82  +  27  •  ^  =  92  7 1  u    'u         ^"'''•e^Ponding  percentage 
-^   '  -     92  7.  Hhich  can  be  read  direct  from  Fig.  4 

Caubk.™k  ok  ,x.,catok  wxth  EXP.ORKH  No.  39272 
on..at:S;X:-^SrTj.PJ^  -..ures  of  He.ium  and  air 

and  t^rprn::^:  S:,PJ;>-  -u^e  from  dry  helium  and  dr.  air; 
The  results  are  plotted  in  KiV    ?    r 

%  Hen„„.",.»;;;:,ii/'-^*'^ "  '•  -*«  >'•». 

Calibration  of  Pervip  »vii7xi„  n- 

"''"""'•^  Explorer  \o.  39275 
Inis  explorer  w-qs  iienri  ;« 

nometer.Tin'ley.NV57r3  .".Tl"^^^^^^^^^^  "'^'^  ^  ^^"-^'"^  ^alva- 

The  total  scale  deflection  tt  1  „,»*     j- 
scale  being  divided  in  nZ  '"  ^'''^"*^^  ^^'^-^  500  mms.,  the 

The  deflection  for  ic  u.,^ 

bHa,e«e„ti«c  .».™u:e.'tSf,ra'r«Lr/'™"  ^>-  '^^  ^- 

i  he  explorer  was  calibrated  for 

1.  Hydrogen-air  mixtures; 

2.  Helium-air  mixtures 

at  1S^5°C,  the  mixtures  being  made  bv  volume 

I  ercentages  of  hydrogen  are  nlntf»^ 
mms.  in  Fig.  6;  and  percentages  IT      ^^^•"''  ^^'"  '^^"^'^t'O"  '"" 
Fig.  7.  percentages  hehum  agamst  scale  deflection  in 

The  deflection  for  I*"'  h^r 
line  drawn  in  Fig.  7  as  165  mms  atTs'™'  '"''"  ^"""  ^'^^  ^^^^'^^t 

From  Figs.  6  and  7  it  is  evident  that  c-  H  r 
percentage  for  the  same  scale  deflS  ion     ''       u""  ^^'^'^  Hydrogen 
than  hydrogen  has  to  be  pJesennrn;^ '"  °'^  ^■°^^^' ">-^  helium 
the  spot  of  light.  ^°  '""^"•^'^  the  .same  nu.^■ement  of 


[7=3rTa-«fi. 
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hvH  Jif ''''^'''^'"■  "'■.'^'■"^'"  *'""'^^'  ^^^'^''  '^''Kh  and  low  percentage 
hydrogen  explorers  and  a  Shakespear  Permeanicter  Explorer  have 
been  calibrated  for  use  with  helium. 

Graphs  are  given  by  means  of  which  indicator  readings  can  be 
converted  mto  percentages  of  helium. 

It  was  found: 

h.nl\'^^'  '''"'  "''  ^'^^'^'^^P^^'-  Hvdrogen  Puritv  Meter  with 
be  reS       '"''^'"  °'  ""'°^'"  ""''""'■"'  ^''°"*  ''"^"^  -  ''^""■■'  ^""'d 

helium  colld'betad.'^''"''    '^■'^"^'^"    ''''''''  ^^^^    «^^««- 


hydrogen  explorer  about  0-30' f  helium 


(c)    That  with  a  0-20', 
could  be  read. 

id)    That  the  permeameter  explorer  gave  165  mm.  deflection  at 
1  mm.  distance  for  l^c  helium  at  about  15 -ST 

In  concluding    we  have  to  acknowledge  indebtedness  to   Dr 

and  to  th'e  ?r  h  7  'f  !""^^'""  °"  ^^^^  design  of  the  katharometer; 
and  to  the  Cambridge  Scientific  Instrument  Co.,  Ltd.,  for  oermission 
to  reproduce  I'lates  I  and  II,  and  Fig.  1.  a.,  lor  permission 

This  calibration  work  was  carried  out  at  the  Admiralty  Physical 
Labora  or>-  under  the  direction  of  Professor  J.  C.  McLennan   F  R  S 
Scent.hc  Advisor  to  the  British  Admiralty.  '^^^""a"-  ^  RS., 

South  Kensington, 

J5lh  April,  1919. 
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„i  It  ''"'"'!'''"•?*■?  '"'""  •'"'  ''''>^"^»'  I-ahornlori«-,  iis-ued  a,  a  sp,vi;>l  hv,,.-. 
,!^TT,!*\"'.I""-'"'''  •'""^''•••''  ''■"'•  '•™"  'h«-  V.'ar  ,.^.  \.,i  ,  ,,  «"rr 
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On  the  ionisation   tracks  of  alpha  ravs  in  hvdro<'en 
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No-  53:  On  the  ionisation  po  entials  of  majjnesium  and  other 

metals,  and  on  their  absorption  spectra,   bv  Professor 
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